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I. A Defcription of a nemo Invention o/Bellows, 
called Water-Bellows, by Martin Triewald, 
F. R.S. Captain of Mechanics , and Mili¬ 
tary Architect to his Swedifli Majejly * 
communicated to the Royal Society by Sir 
Hans Sloane, Bart. ‘Pref. R. S. &c. See 
the Fig. in Fab. prefixed . 

S INCE fcarce any thing, efpecially what relates 
to Mechanical Contrivances, may be faid to have 
attained fuch a Perfection as not to want any 
Improvement, it may not be amifs to undertake the 
Improvement of thofe Inventions that Time out of 
Mind have been praCtifed, as well as to invent En¬ 
gines to do thofe Services that have been effected by 
mere Labour. Of this the laft Age has produced not 
a Email Number; yet he that firft undertook to con¬ 
vert Leathern Bellows into Wooden, which are made 
ufe of in this Country at all our Iron Forges and Fur¬ 
naces, &c. has procured as great a Benefit to this King¬ 
dom, as ever any Inventor of Eafe and Conveniency in 
the Neceffaries of Mankind. 

I have now the Honour to propofe fuch Bellows, 
which as to their Effect will not be inferior to the laft- 
mentioned, but far more advantageous, not only for Iron 
Furnaces, but likewife for many other Smelting-works 
requiring large Bellows. 

It will doubtlefs feem in the Beginning a little 
Grange, that Water fhould be able to blow the Fire j 
but he, that has read the Bhilofophical TranfaBions. 
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and feen the Invention there defcribed, and made ufe 
of in Italy at Tivoli, and feveral other Places, called 
Soffi dAcqua, and doth with Attention confider the 
following Defcription, will, I hope, be convinced, 
that this new Invention of Water-Bellows is built on 
the very felf-fame Foundation, to which Leathern and 
Wooden Bellows owe their Ufe and Being, and will 
in feveral Cafes prove of more ftgnal Service. 

Thefe Water-Bellows A and A, reprefcnted in the 
Figure annexed, are made of Wood, not unlike the 
Shape of Diving-Bells, in the Form of a Conus Trun- 
catus, and confequently wider below than at top, 
where they are furnifhed with clofe Heads B and B, 
but at the lower Ends E and E, quite open. At the 
Heads B and B, are two Valves V and V, which open 
inwardly, and are made like the Claps of other Bel¬ 
lows, with their Hinges, and the Valves themfelves 
covered with Hatters Felt, and are fhut by an eafy Steel 
Spring, till the Air from above opens the fame, which 
happens only when thefe Bellows receive their Mo¬ 
tion upwards j but are Ihut by means of the Preflure 
of the Air within, when they fink down into the 
Water. On the very fame Heads are two pliable Lea¬ 
thern Tubes R and R, fixed one at the Top of each 
Water-Bellows , which Tubes are made and prepared 
in the fame manner as thofe ufed in Water-Engines 
for extingttifhing of Fire. Thefe Leathern Tubes Or 
Pipes nkdr from the Bellows to Wooden Tubes 
T, T, which carry the Wind into the Iron Furnace 
M, or any other Place, according to Pleaftire. 

Thefe Bellows are likewife provided with Iron 
Chains k,K, which are fattened to two Sweeps S, S, 
by which means they hang perpendicular from the 
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Beam of the Balance, and at the fame Difcanee from 
the Centre of its Motion C. 

On the Balance are two flopeing Gutters, F,F, into' 
which the Water alternately runs from the Gutter G, 
and fo gives Motion to the whole Work; fo that thefc 
laft- mentioned Gutters F, F, do the fame Service as an 
Over-fhot, or any other Water-wheel, and coft & 
great deal lefs, but give as even and regular a Mo¬ 
tion, as any ‘Pendulum , for meafuring of Time; 
for as foon as fo much Water runs into either of the 
afore-mentioned inclined Plains of the Gutters* fo' 
that the Momentum of the Water exceeds the Fri&ion 
near the Centre of Motion C, the Gutter immediately; 
moves down with a Velocity increasing, till the Ba¬ 
lance meets with the Reftftance of the Wooden 
Springs H and H, and at the fame time raifes the 
opposite Water-Bellows y or that Bellows which is fixed, 
under the appofitc Gutter. In the fame Moment 
again as the faid Gutter begins its Motion, being come 
down on the Spring, delivers all the Water it has 
received; at the very fame time the Water begins 
to. run into the oppofite Gutter, which, receives its 
Load of Water almoft as foon as the former i* 
emptied; fo that one* of the Gutters does its Effed, as 
foon as the; other has done his, and this alternately* 
one after another. 

Thefe flopeing Gutters on the Balance do therefore 
all the Service and. E fifed which a Water-Wheel does, 
in working the ordinary Bellows, and that by means 
of ; the Power which the Water applies to the Wheel 
of giving the ordinary Bellows their Motion, after the 
fame manner does the Water here, impower the flope¬ 
ing Gutters to do the fame Work. 
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Bat as for the manner and by what means thefe- 
Water-Bellows are fit to blow the Fire, and to per¬ 
form the fame as Leathern or Wooden Bellows , there 
is no other Reafon, but the very felf-fame wherein 
the EfFedt of the ordinary Bellows confifts. For an 
ordinary pair of Bellows blow for no other Reafon, 
bat that the Air, which enters the Bellows, and which 
they contain when raifed, is again compreffed or forced 
into a narrower Space, when the Bellows clofe :• Now 
fince the Air, like all other Fluids, moves to that 
Place where it meets with the leaft Rcfiftance, the 
Air muft confequently go through the Opening which- 
is left for the fame, with a Velocity proportioned to* 
the Force by which the Air is compreffed, and muft- 
of necefiity blow ftronger or weaker, in regard to the 
Velocity by which the Top and Bottom of the. Bellows' 
meet; the Blaftalfo will 1 aft in Proportion to the Quan¬ 
tity of Air, that was drawn into the Bellows through- 
the Valve or Wind-clap. 

This does after the fame manner happen in our 
Water-Bellow S', for the Air, which they contain, 
cannot force itfelf down through the Water more 
than through a well-fecured Deal-board with Pitch; 
when the Bellows * are lower’d down into the Water,- 
the Air which they contain muft necefFarily be com- 
preffed by the Water, which rifes alternately into- 
the Bellows A and A; fo the Air muft recede and go 
through the Leathern Tubes R, R, where the Air 
meets with the leaft Rcfiftance. From all which it un¬ 
doubtedly follows, that the larger, that is to fay, the 
more Air thefe Water-Bellows are made to contain, 
and the greater the Velocity is by which they are made 
to defcend into the- Water, fo much greater is- 

their.- 
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their Eflfed ; and that the Effed which they arc able 
to perform, muft be equal to that of Leathern or 
Wooden Bellows of the fame Capacity, in containing 
an equal Quantity of Air. 

As to the Advantages which this new Invention has 
in regard to thofe ufed hitherto, it is a known Thing, 
that the Power which works your common Bellows 
ufed at Iron Furnaces, muft be fufficient not only to 
comprefs the Bellows, but at the fame time to force 
down the Leaver with its Weight or Countcrpoifej 
which Leaver ferves again to raife the Bellows , when 
the Cog or Button on the Axle-tree of the Water- 
Wheel Hides off from the Bellows tree y fo that the 
Power muft be fufficient at once to produce two dif¬ 
ferent Effeds; whereas thefe new Water-Bellows 
require fcarce any greater Power but what isneceflary 
to overcome theFridion near the Centre of Motion, 
or the Axis C; for in this my Invention an Advantage 
is obtain’d, which very rarely happens in Mechanics, 
viz. That the Height to be moved is 7 as here , on the 
Balance in JEquilibrio ; fmce the Bellows A and A 
cannot be otherwife conceived than- as two equal, 
though, heavy Weights in a pair of Scales, which ba¬ 
lance one another, although their Weight be cverfo 
great i fo that, if each of thefe Bellows fhould weigh 
a Tonn, they muft ftill equiponderate which is fo 
much ealier attain’d to, iinceit requires very little Art 
to make them both of a Weight, and order them at 
equal Diftances from the Centre of Motion. It is 
confequently known how fmall a Power is requir’d 
to fet . the Scales of a Balance with equal Weights in 
Motion, notwithftanding the Weight may -be as great 
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as poffible; all which may with good Reafon be ap¬ 
plied to thefe Water-Bellows. 

And though it cannot be denied, but that the Bel - 
lows which finks down into the Water-hole or Sump 
N, grows Co much lighter, as it lofes of its Weight 
in Water, by, which means the Water-Bellows toi he 
raifed grows fo much heavier, as the former lofes of 
its Weight by being let down into the Water ; yet 
this is compenfated, if we confider, that the Water 
which falls down dong the flopeing Gutter* ac¬ 
quires a Power of a. falling Body; which Power in- 
creafing in the fame Proportion as the Bellows to 
foe raifed grows heavier, this Power fuits, admi¬ 
rably well the Weight to be raifed i for the Bellows 
that finks down into the Sump, N, does not at once 
iofc its, Weight- in the Water, but gradually, as it 
comes, deeper into,the fame; and after the fame man- 
ner the afeending Bellows does aot grow at once hear 
vicr than the other, but gradually, growing hcavieft 
juft when the lowermoftJEdge gets even with the Sur¬ 
face of the Water; and that happens at the fame In» 
ftajnt of Time when the Power of the Water in the 
flopeing Gutter is at the higheft pitch, or has received 
its greateft Momentum . 

Tliis fhews, I hope, very plain, that the Power 
required to work thefe Water-Bellows , is far lefs* 
and confequently lefs Water will be oonfuraed in 
\yo«king thefe Bellows than thofe commoniyi ufed; 
and again, that an Iron Furnace, which for want of 
Water to work the common Bellows , cannot be kept 
at work, longer, than fix. Weeks, though it be pro-, 
vided.with aU other Neceflaties, may, by means of 

fuch 
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fiich Water-Bellows as here defcribed, be kept at work, 
at Jeaft as long again. 

It is farthermore a known thing to Miners, of what 
prodigious Lofs and Inconvenience it is, when the 
Hearth or Mouth of an Iron Furnace is placed low, 
in a wet and damp Place, Which they oftentimes are 
forced to do, in regard to the Axle-tree of the Water- 
Wheel which works the Bellows \ for which Reafon 
fuch Furnaces as hand in the like moift Places, give 
daily confiderably lefs Iron, than others which are better 
fimated. There is likewife not a fmall Difficulty to 
find a fit Situation for fuch Iron Furnaces where Iron 
Guns are caft, and require deep Pits under the Mouth 
of the Furnace : But by means of this new Invention 
of Bellows\ one may be at Liberty to place the Mouth 
of the Furnace as high as one pleafes, feeing it is very 
eafy to guide the Blaft by means of Wooden or Leaden 
Tubes, as far as neceflary, and in a proper Dire&ion 
into the Furnace; which Advantage cannot fo ealily 
be obtain'd by thofe Bellows in common tife. 

Further, this may be accounted aS no fmall Ad¬ 
vantage which thdfc BelfoWt afford, in beingof fovery 
eafy a Structure, that any Carpenter at firft Sight is able 
not only to conlhwft: the whole Engine, but eafily 
repair every Part of the fame, requiring at the fable 
time the lead Repairs of any that can be ufed; and if 
the Bellows fhould be caft Iron, they would laft for 
feveral Ages; and when caft ftrong, they would not 
require any Weight to fink readily in the Water. 
One might caufe them to be cover’d with Lead, or 
make them of thin Copper with a thick Leaden Hoop 
at top, to make them fink. As for their Shape, it is 
not abfbltttely neceflary they fhould be of the fame as 

the 



[m 8 3 

the Figure annex’d denotes 3 for in cafe one would 
not beftow Iron Hoops on the Bellows , they might 
be made fquare, in a Triangle, or any other Shape, 
provided they be as wide again at Bottom as at tops 
and if they be made of Wood, it will be neceflaty 
to provide an Edge round the Tops, for containing 
Stones or Leaden Weights, as much as will be found 
necelfary to make them fink readily, when'they are 
lower’d down into the Water. 

Laftly, If we will confider the Charge of thofe 
Bellows made ufe of at Iron Furnaces, as to the 
Bellows themfelvcs, the Water-Wheel and its Axle- 
tree, &c. and compare the fame with the Coft of 
thefe, we (hall eafily find a vaft Difference, not to 
mention the vaft Charges of keeping the common 
Bellows in Repair. But before I conclude, I think 
myfelf obliged to mention, that the Blaft of thefe 
Bellows is govern’d and moderated in the fame man¬ 
ner as the common ones, viz. by letting more or Ids 
Water into the Ilopeing Gutters, and by taking out 
and letting in Plugs for that purpofe placed in Holes 
near the Top of the Water-Bellows. 

Stockholm , Martin Triewald, F. R, S. 

May 12, 1730* 
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